Background {#Sec1}
==========

The Global Burden of Disease Study \[[@CR1]\] describes obesity as a global health challenge showing widespread increasing trends over the past decades, with no national success stories of decreasing trends over the past 33 years. The prevalence of obesity in children rose worldwide by 47.1% between 1980 and 2013 \[[@CR1]\]. Overweight and obesity, which were previously considered problems afflicting mainly the affluent, are now markedly on the increase in low and middle income countries, particularly in urban areas \[[@CR2]-[@CR4]\]. Globalisation, improving economic conditions and changing dietary habits in developing countries are purported as responsible for the rapid increase in obesity \[[@CR3]\]. This increase is associated with a lack of supportive policies in sectors such as health, agriculture, transport, urban planning, environment, food processing, distribution, marketing and education. Presently, it is estimated that more than 30 million overweight children live in developing countries and 10 million in developed countries \[[@CR3]\]. Available estimates for the period between the 1980s and 1990s show that the prevalence of overweight and obesity in children increased by a magnitude of two to five times in developed countries (e.g. from 11% to over 30% in boys in Canada), and up to almost four times in developing countries (e.g. from 4% to 14% in Brazil) \[[@CR5]\]. Globally, increasing prevalences for developing countries are reported from 1980 to 2013 in children and adolescents showing changes from 8.1% to 12.9% in boys and from 8.4% to 13.4% in girls \[[@CR1]\]. In 2010, 43 million children (35 million in developing countries) were estimated to be overweight and obese, with 92 million at risk of overweight \[[@CR6]\].

The fastest growth rates of obesity among pre-school children are found in Africa where the numbers of overweight and obese children in 2010 were more than double those reported in 1990 \[[@CR6]\]. Results of a systematic review \[[@CR4]\] further substantiate reports of overweight/obesity transition among school-aged children in Sub-Saharan Africa. Statistics furthermore indicate that South Africa (SA) has amongst the highest child obesity rates in Africa \[[@CR2],[@CR4]\]; the prevalence of obesity among South African children is comparable to that found in developed countries more than a decade ago \[[@CR7]\].

A review summarizing obesity among South African children, from birth to the age of 19 years, indicates low overweight and obesity rates before 1999, with more recent studies showing a mean prevalence of just over 15% for overweight and obesity combined \[[@CR8]\]. This review reported that this prevalence does not give a true reflection of the problem, because overweight and obesity differ markedly between age groups, boys and girls, ethnic groups, and geographical areas. Findings also showed a significant increase in overweight and obesity from 1999 to 2004, based on reported prevalence's of cross-sectional studies \[[@CR7]\].

Only a few cross-sectional studies and trend analyses have reported on obesity prevalence in adults and children in SA \[[@CR2],[@CR9]\]. Rates of overweight and obesity among children between 13--19 years (grades 8--11) from the first National Youth Risk Behaviour Survey in 2002 in SA showed overweight prevalence of 6.9% for boys and 24.5% for girls, and obesity prevalence of 2.2% for boys and 5.3% for girls respectively \[[@CR2]\]. The researchers' remark that it is difficult to determine whether the rates observed in their study represent an increase in prevalence, although their data indicate an expanding 'epidemic' in obesity and related chronic diseases \[[@CR2]\]. They concluded that consistent with data from other countries in transition, it is highly likely that overweight and obesity prevalence rates today are higher than those found 10 to 20 years ago.

Temporal trends in obesity among children and adults in SA have been reported, based on a 2005 nationally representative sample of 1--9-year-old children and a sample of 16--35-year-old adolescents and adults, compared with study populations from the SA National Food Consumption Survey (NFCS) 1999. Data were re-analysed according to the WHO 2006 and 2007 reference values \[[@CR9]\]. Taking into account the limitations of a comparison between the 1999 and 2005 national data, a significant decrease was however seen in overweight based on BMI nationally (17.1% to 14% (10% overweight and 4% obese). An overall overweight and obesity prevalence of 10.3% is also reported among 7--9 year-old children \[[@CR9]\].

Time trend analyses of obesity prevalence, based on representative and national surveys, have also been performed in developed countries including Portugal \[[@CR10]\], Japan \[[@CR11]\], Slovenia \[[@CR12]\], UK \[[@CR13]\], USA \[[@CR14],[@CR15]\] and Canada \[[@CR16]\]. Some report rising obesity prevalence among child populations \[[@CR10],[@CR11]\], although trends of levelling-off and stabilizing prevalence's are also reported (e.g., in the USA \[[@CR14]\] and in the UK \[[@CR13]\]. Furthermore, researchers \[[@CR15]\] conclude that although nationally representative data of prevalence rates among children in the USA were not significantly different from 2009 to 2010, more severe forms of obesity have increased over the last 14 years. In Slovenia, twenty year trends indicate that the odds for obesity (odds ratio 3.7) is growing at higher rates than overweight (odd ratio 1.7) per year, especially among boys \[[@CR12]\]. Trends indicating higher obesity increases in boys are also reported elsewhere \[[@CR1],[@CR11],[@CR13],[@CR16]\]. Age adjusted BMI increased in Japanese children over a 25-year-period; 6-14-year-old boys showed an increase of 0.32 kg/m2 per 10 years, and 0.24 kg/m2 per 10 years in girls \[[@CR11]\]. In Canada, during the period from 1986 to 1996, overweight increased among boys from 11% to 33%, and from 13% to 27% among girls while obesity increased from 2% to 10% in boys and from 2% to 9% in girls \[[@CR16]\]. Time trends in the UK (1995--2010), based on the Health Survey of England, indicated marked increases in prevalence of boys 2--15 years from 11% to 17% while girls showed increases from 12% to 15%.

Overweight and obesity are highlighted as a major public health issue in SA \[[@CR17]\], and there is a clear need for accurate estimates of the prevalence and severity of obesity. Continued surveillance of nutritional status, as an important component of a national strategy to prevent and control both malnutrition and chronic diseases, is recommended \[[@CR2]\]. Cross-sectional studies \[[@CR7],[@CR17]-[@CR20]\] and results of trend analyses \[[@CR2],[@CR9]\] are available of SA children. However, there are only a few studies reporting on the prevalence of obesity longitudinally in pre-pubertal South African children. This leaves a gap in the knowledge regarding the rate of growth of this health problem. Such studies can provide accurate estimates of the rate of change in obesity prevalence among pre-pubertal children. It can also ensure the chances of improved and accurate knowledge about weight changes in the same individual, thus providing direction for future research. The association of the adiposity rebound, which is reported to occur around the age of six, and obesity in later years, further highlight that the period between 6 and 9 years may be a critical period for obesity prevention \[[@CR21]\]. Recent findings also indicate that obesity intervention is most successful during the pre-pubertal period \[[@CR22]\]. This study was designed to address this knowledge gap by obtaining more information about the current rate of change in overweight and obesity in pre-pubertal children in the age range 6--9 years in the North West Province (NWP) of SA taking into consideration sex, race and school SES quintiles.

Method {#Sec2}
======

Study design, setting and population {#Sec3}
------------------------------------

The research formed part of the NW-CHILD (Child-Health-Integrated-Learning and Development) longitudinal study. Measurements were made at 3-intervals between 6 and 12 years (grade 1, grade 4, grade 7). This study was conducted in 1 of the 9 provinces in SA, the North-West Province (NWP) where approximately 8.2% of the national population lives. The NWP is characterised by high poverty levels especially in rural areas, unequal distribution of income between different population groups, and unemployment \[[@CR23]\]. Income per capita in the NWP is seventh from nine provinces and it is estimated that 72.9% of children living in the NWP suffer from poverty \[[@CR24]\].

Sample size {#Sec4}
-----------

The total group that were measured during baseline in 2010, when the participants were in grade 1, consisted of 816 learners (419 boys and 397 girls, 567 black, 218 white, 20 mixed ancestry and 11 Indian children), with a mean age of 6.78 years. Three years later, in 2013, 574 children with a mean age 9.87 (±038), were available for the 1^st^ interval point measurements, which represented an attrition rate of 30.1% of the original sample. Boys (n = 282, 49.12%) and girls (n = 292, 50.87) were equally distributed in the group. 27 mixed ancestry and Indian children were part of the group but were omitted from the racial comparison because of the small numbers. More black (n = 407) than white (n = 143) children were part of the group, while the number of children in the different school quintiles ranged between 96 and 130. The distribution of the learners in the different school quintiles was as follows: Quintile (Q) 1 (n = 120); Quintile 2 (n = 96), Quintile 3 (n = 130), Quintile 4 (n = 108) and Quintile 5 (n = 120). A possible bias as a result of lost subjects during follow-up were analysed using independent t-testing, calculating differences between lost subjects and those who remained in the study in 2013, in baseline height (p = 0.553, d = 0.04), mass (p = 0.03, d = 0.16), BMI (p = 0.008, d = 0.19) and fat percentage (p = 0.223, d = 0.09). No evidence of bias could be found based on the insignificant Cohen's d-values \[[@CR25]\].

Sampling method {#Sec5}
---------------

The participants were selected by means of a stratified random sample. Stratification was done by school district, gender and school quintile (Q) in collaboration with the Statistical Consultation Service of the North-West University (NWU). To determine the sample, a list of schools in the NWP was obtained from the Department of Basic Education. From the list of schools in the NWP, which are grouped in 8 education districts, each representing 12--22 regions with approximately 20 schools (minimum 12, maximum 47) per region, stratified random sampling was used to select regions and schools with regard to population density and school status (Quintile 1, i.e. schools from very poor economic sectors to Quintile 5, i.e. schools from very good economic sectors). The quintile status of a school is determined by the National Treasury, according to the National Poverty Table, obtained from the National Census data which include income, dependant ratios and levels of literacy. This poverty classification is used by the Department of Basic Education in each province to classify schools in different quintiles. Quintile 1 and 2 schools are the poorest schools and are released from paying any school fees \[[@CR23]\]. Throughout the paper Q1-3 schools will by definition represent schools from low SES, while Q4-5 schools will represent high SES.

Anthropometry {#Sec6}
-------------

The anthropometric measurements included the following: height (cm), body mass (kg), skinfolds (sub-scapular and triceps, mm) and waist circumference (cm). These variables were measured by trained postgraduate students in Human Movement Sciences. All measurements were done in accordance to the protocol of the International Society for the Advancement of Kinanthropometry \[[@CR26]\]. Height was measured barefoot to the nearest 0.1 cm by means of a Harpenden portable stadiometer (Holtain Limited, U.K.). Body mass was measured with an electronic scale (BF 511, Omron) to the nearest 0.1 kg. From the height and body mass measurements the body mass index (BMI) was calculated for each participant (body mass (kg)/height (m)^2^). The triceps and sub-scapular skinfolds were measured with a pair of Harpenden skinfold callipers and each skinfold was measured twice to obtain an average of the two measurements. \[[@CR27]\]. Cut-off values for the sum of the triceps and subscapular skinfolds for 6 to 7-year-old overweight boys are 16--17, for overweight girls 19--22, for 6 to 7-year-old obese boys 20--24 and for obese girls 27--28. Cut-off values for 9 to 10-year-old overweight boys are 23--24, for overweight girls 29--32, for 9 to 10-year-old obese boys 34--33 and for obese girls 41--43 \[[@CR27]\]. These skinfold measurements were selected because they show the highest relation with the overall percentage of fat in the bodies of children \[[@CR28]\]. Intra-rater reliability was determined by intra-class correlation coefficients which showed good reliability for the subscapular (.994) and the triceps (.995) skinfolds.

The prevalence of overweight (OW) and obesity (OB) was determined by using the International age-adjusted cut-off points provided by Cole *et al*. (2000) \[[@CR29]\]. Children have a risk for overweight and obesity if their BMI is respectively between the 85^th^ and 95^th^ percentile for age and gender. The following international cut-off values were used. It is calculated for overweight and obesity by sex between 2 and 18 years, defined as body mass index between 25 and 30 kg/m2 up to the age of 18. These cut-off values for girls are: 6 years: 17.34/19.65, 6.5 years: 17.53/20.08, 7 years: 17.75/20.51, 7.5 years: 18.03/21.01, 8 years: 18.35/21.57, 8.5 years: 18.69/22.18, 9 years: 19.07/22.81, 9.5 years: 19.45/23.46, 10 years 19.86/24.11, 10.5 years: 20.29/24.77. The cut-off values for boys are: Boys 6 years: 17.55/19.78, 6.5 years: 17.71/20.23, 7 years: 17.92/20.63, 7.5 years: 18.16/21.09, 8 years 18.44/21.60, 8.5 years: 18.76/22.17, 9 years: 19.10/22.77, 9.5 years: 19.46/23.39, 10 years: 19.84/24.00, 10.5 years: 20.20/24.57. Throughout the paper, subjects described as obese are by definition also classified as overweight.

Ethical clearance and administrative clearance {#Sec7}
----------------------------------------------

Ethical approval for the study was obtained from the Ethics Committee of the NWU (No. 00070 09 A1). Permission was also obtained from the Department of Basic Education of the NWP and the principals from the selected schools. Informed consent had to be provided for each child by their parents or legal guardian, before they were allowed to participate in the study.

Statistical analysis {#Sec8}
--------------------

Data was descriptively analysed by means and percentages. Linear mixed models in SPSS (version 22) were used with school as subject and an unstructured co-variance matrix to determine the main effects of race, gender and SES as well as all interaction effects, using the 2010 baseline measurements as co-variants. Frequency tables were used to determine prevalence of overweight and obesity by group, sex, race and school quintile. Significance of differences in BMI categories and shifts over time in this relationship (p \< 0.05) were determined by 2-Way summary tables. Pearson Chi-square analysis determined statistical significance of differences in BMI status and relationships over time, while the Cramer's V was used to establish effect sizes. The following values are used as an estimation of practical significance (Cramer's V = 0.1 (small), 0.3 (moderate), 0.5 (large) \[[@CR25]\].

Results {#Sec9}
=======

Table [1](#Tab1){ref-type="table"} provides the statistics of obesity prevalence in 2010 and 2013, by group, but also according to sex, white and black children and different school quintiles. During follow-up in 2013, the group had a combined overweight (9.4%) and obesity (7.3%) prevalence of 16.7%, compared to that found in 2010 (Combined OW/OB = 12.7%; 8.2% OW; 4.5% OB). Prevalence during follow-up was 14.9% and 18.5% respectively for boys and girls, compared to that found during baseline (10.6% and 14.7%). White children displayed a prevalence of 27.3% compared to 13.3% in black children during follow-up, where the prevalence increased respectively from 20.3% in white children and 10.3% in black children during baseline. The change in prevalence in the different school types was much lower in Q1--Q3 schools which had only black learners compared to that found in Q4--Q5 schools which had black and white learners (Q1-9.2%--10.0%; Q2-8.3%--8.5; Q3-3.9%--7.7%, Q4-19.4%--25.9; Q5-23.3%--31.7%).Table 1**Obesity prevalence in 2010 and 2013, by group, sex, race and school quintileNormal weightOverweightObeseOverweight & obeseN2010 % (n)2013 % (n)2010 % (n)2013 % (n)2010 % (n)2013 % (n)2010 % (n)2013 % (n)Group**57487.3 (501)83.3 (478)8.2 (47)9.4 (54)4.5 (26)7.3 (42)12.716.7**Boys**28289.4 (252)85.1 (240)6.7 (19)7.8 (22)3.9 (11)7.1 (20)10.614.89**Girls**29285.3 (249)81.5 (238)9.6 (28)11.0 (32)5.1 (15)7.5 (22)14.718.5**White**14379.8 (114)72.7 (104)13.3 (19)16.1 (23)6.99 (10)11.2 (16)20.327.3**Black**40789.7 (365)86.7 (353)6.6 (27)7.6 (31)3.7 (15)5.7 (23)10.313.3**Quintile 1**12090.8 (109)90.0 (108)5.8 (7)6.7 (8)3.3 (4)3.3 (4)9.210.0**Quintile 2**9691.7 (88)91.7 (88)4.2 (4)3.1 (3)4.2 (4)5.2 (5)8.38.5**Quintile 3**13096.1 (125)92.3 (120)2.3 (3)3.9 (5)1.5 (2)3.9 (5)3.97.7**Quintile 4**10880.6 (87)74.1 (80)11.1 (12)11.1 (12)8.3 (9)14.8 (16)19.425.9 White5386.8 (46)81.1 (43)7.6 (4)5.7 (3)5.7 (3)13.2 (7)13.318.9 Black4973.5 (36)65.3 (5)14.3 (7)18.4 (9)12.2 (6)16.3 (8)26.534.7**Quintile 5**12076.7 (92)68.3 (82)17.5 (21)21.7 (26)5.8 (7)10.0 (12)23.331.7 White9075.6 (68)67.78 (61)16.7 (15)22.2 (20)7.8 (7)10.0 (9)24.532.2 Black2979.3 (23)68.9 (20)20.7 (6)20.7 (6)0 (0)10.3 (3)20.731.0Note- Q1--Q3 schools included only black children.

The combined OW/OB prevalence of 16.7% during follow-up, showed an increase of 4.0% over the 3-year-period in the group, increasing from 12.7% during baseline. Overweight increased with 1.2% from 8.2% to 9.4%, compared to obesity which increased more with 2.8% from 4.5% to 7.3%. Obesity prevalence also increased more in boys (3.2%) from 3.9% to 7.1% compared to that of girls (2.4%) changing from 5.2% to 7.5%. Obesity increased significantly in black (1.96%) and in white participants (4.2%). The highest rates of obesity increases were found in Q3 (1.5% to 3.9%), Q4 (8.3% to 14.8%) and Q5 (5.8% to 10.0%) schools.

Table [2](#Tab2){ref-type="table"} displays percentage shifts in BMI categories over the 3-year period. Overall, 87.8% of the group stayed within the BMI classification that they were classified in during the baseline measurements. A significant upward transition of 9.2% (Cramer's V = .530) was however, found in the group, where 53 participants moved from a normal weight to overweight or obese classification based on BMI. A reverse trend was however, also observed, but among a much lower percentage of the group (n = 17, 3.0%). Similar, but bigger upward compared to downward shifts were observed in both sexes (Table [2](#Tab2){ref-type="table"}), while more girls showed decreasing tendencies. In white children, a significant shift (Cramer's V = .531) towards overweight and obesity took place among 14.7% (n = 21) of the group, compared to 4.9% (n = 7), shifting from overweight and obese to normal weight. Among black children, a significant upward shift towards an unhealthy BMI occurred in 7.4% children (n = 30) compared to a reverse tendency of 2.5% in 10 children (Cramer's V = .531). This indicates that for every 3 children that move into an overweight or obese category, one transferred back to a healthier classification. The difference between increasing and decreasing tendencies in the different school quintiles was much bigger in Q3--Q5 schools (5.3%, 11.1% and 12.5% respectively) compared to in Q1 to Q3 schools (0.8% and 1.0%), where the percentages of participants showing upward or downward transitions were more or less the same. A clear upward transition to more overweight or obese categories, is however evident from Table [2](#Tab2){ref-type="table"}, showing that children attending school quintiles associated with higher SES are more prone to become overweight or obese than children attending school quintiles associated with lowers SES.Table 2**Percentage shift in BMI categories over a 3-yr-periodGroup % (n)Boys % (n)Girls % (n)White % (n)Black % (n)Q1 % (n)Q2 % (n)Q3 % (n)Q4 % (n)Q5 % (n)Increase**9.2 (53)9.2 (26)9.2 (27)14.7 (21)7.4 (31)3.3 (4)4.2 (4)6.2 (8)13.9 (15)18.3 (22)**Decrease**3.0 (17)2.1 (6)7.3 (11)5.0 (7)2.5 (10)2.5 (3)3.1 (3)0.8 (1)2.8 (3)5.8 (7)% = percentage; n = number of participants in parentheses; W = White; B = Black; Q = Quintile.

Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"} provide descriptive data of the group (N = 574) during the baseline and follow-up measurements, according to gender, race and school quintile by means of mixed models. Descriptive values of height, body mass, BMI and fat percentage are displayed as well as the significance of main effects for follow-up measurements. Linear mixed models on baseline measurements (2010) indicated a quintile\*sex interaction for height where boys in Q4 schools where practically significantly taller than girls (d = 0.82). A race\*quintile interaction for BMI also indicated that black children in Q4 schools had significantly higher BMI values than white children (d = 0.5). For baseline fat percentage, both quintile and race were statistically significant, while for baseline mass only quintile had a significant effect. In the follow-up, baseline measurements of 2010 (height, mass, BMI and fat percentage respectively) were also included as co-variates to determine the effects of race, sex and quintile in the linear model. Interaction effects that showed significance in these analyses were Quintile\*race for BMI and mass\*quintile. The main effects of SES (school types expressed as quintiles), were significant for all variables, while sex and race were only significant with regards to fat percentage. Quintile 1 to 3 schools included only black children, but the interaction between race and quintile was evident in Q4 schools where the BMI and mass of black children were significantly higher in 2013 compared to those of white children (BMI 19.8 vs 17.6, d = 0.61 and mass 38.3 kg vs 33.9 kg,d = 0.53).Table 3**Body composition characteristics of the group and by sex and race in 2010 and 2013 and significance of differences during follow-up according to mixed models with school included as subjectsGroup (N = 574)Boys (n = 282)Girls (n = 292)Sex p valueWhite (n = 143)Black (n = 407)Race p valueMixed models MSE2010201320102013201020132013201020132010201320132013**Height (cm)119.76135.37121.3136.0119.9136.00.588123.7138.0119.3135.30.72380.9Mass (kg)22.5932.2923.332.922.933.70.66224.835.522.532.40.24068.3BMI kg/^m^15.6517.3915.817.515.818.00.22516.118.215.717.50.07313.2Fat %15.8720.3316.620.316.222.00.03216.921.716.221.00.00861.5BMI = Body Mass Index; Fat % = Fat percentage; N = Participants; Significant difference, p \< 0.05, MSE = mean square error.Table 4**Body composition characteristics by school quintile in 2010 and 2013 and significance of differences during follow-up according to mixed models with school included as subjectsQuintile 1 (n = 120)Quintile 2 (n = 96)Quintile 3 (n = 130)Quintile 4 (n = 108)Quintile 5 (n = 120)P valueMixed Models MSE201020132010201320102013201020132010201320132013**Height (cm)118.1113.4116.7132.7117.1133.4122.9137.2123.2139.3\<0.00180.9Mass (kg)21.430.321.029.120.528.924.736.124.736.4\<0.00168.3BMI (kg/^m^15.416.715.316.415.016.316.218.716.218.6\<0.00113.2Fat %14.418.915.418.314.117.917.823.217.623.4\<0.00161.5N = number of participants, BMI = Body Mass Index; Fat % = Fat percentage; Significant difference p \< 0.05, MSE = mean square error.

Discussion {#Sec10}
==========

The aim of this study was to determine the rate of increase in prevalence of overweight and obesity over a 3-year-period in pre-pubertal South African children. This is a first study in SA, a developing country, to provide prevalence statistics of childhood obesity obtained by follow-up measurements in pre-pubertal children, aged 6 to 9-years. 12.7% of the group were OW or OB in 2010, compared to 16.7% of the same group in 2013. The rate of increase in the group was 4.0% over the 3-year period. Increases in the group were similar in boys and girls, while white children had much higher increases compared to black children as a group, and higher SES (which included white and black children) also contributed to higher prevalences and rates of increase. A different picture of the extent of the problem emerged, when interactions of race and SES were considered, than when the participants were analysed as a group. White children had a prevalence increase of 7.0% (20.3% to 27.3%), which was double compared to black children where the increase was 3.0% (10.3% to 13.3%). However, in Q4 and Q5 schools black children showed higher increases in combined OW/OB compared to white children (8.2% vs 5.2% Q4, 9.4% vs 7.7% Q5, Table [1](#Tab1){ref-type="table"}), which was also much higher than the increase for black children when analysed as a group (3%) or for Q1--Q3 schools were only black children were enrolled in these schools. Overall Q4 and Q5 schools which represent children from more affluent families and environments showed much bigger increases in prevalence compared to Q1 to Q3 schools which can be ascribed to improved living conditions. The main effects of SES in 2013 were significant for all variables, while sex and race were only significant for fat percentage. The Quintile\*race interaction effect for BMI showed significantly higher BMI values among black children compared to white children in Q4 schools. The higher BMI of black children compared to white children in higher SES, can in part be ascribed to the economic transition of black families in South Africa, although a longitudinal study in America over a period of 17-years of racial differences \[[@CR30]\] in 5--14 year old children, also confirmed contrasting patterns of increase in BMI between white and black children. Annual increases in BMI varied in this study from 0.60 kg/^2^ per year in white girls to 0.78 kg/^2^ per year in black girls and yearly increases in BMI before age 18 were 25% to 55% higher in black compared to white girls. Our results, however confirm the conclusions made by Rossouw et al. \[[@CR8]\] indicating that the prevalence of childhood obesity in SA does not give a true reflection of the problem, as overweight and obesity differ markedly between age groups, boys and girls, ethnic groups and geographical areas. However, evidence of an overweight/obesity transition in school-aged children in Sub-Saharan Africa is substantiated by research \[[@CR4]\], while the fastest growth rates of obesity among pre-school children are also found in Africa where the number of overweight and obese children in 2010, were more than double that found in 1990 \[[@CR6]\].

In order to offer a perspective on the rate of increase of 4.0% in our group over a 3-year period, we compared this percentage increase with estimated increases that are reported by other studies. There is however, a lack of longitudinal studies, to enable direct comparisons with. Studies that were used are thus not necessarily based on the same age groups or time periods and findings obtained by trend analysis, were also incorporated. Researchers studied 450 obesity surveys of 144 countries to quantify the worldwide prevalence of OW and OB among pre-school children in Africa \[[@CR6]\], and reported the estimated prevalence of childhood OW and OB in Africa, in 2010, as 8.5%, which they expect to reach 12.7% in 2020, indicating a predicted increase of 4.2% over a ten-year-period. A longitudinal study of 306 black children from low income families in Jamaica, reported that overweight increased by 6% (3.5% to 9.5%), from 7--8 years to 11--12%, while tracking of BMI was also high during follow-up \[[@CR31]\]. An increase is also reported in OW and OB in first grade children in Chile \[[@CR32]\], which is also a developing country, from 6.5% to 7.8% in boys and girls respectively in 1987, to 17% and 18.6% in 2000, which shows an increase of 12% over a 13-year period. Prevalence for developing countries is reported to have changed from 1980 to 2013 in child and adolescent boys and girls, from 8.1% to 12.9% in boys and from 8.4% to 13.4% in girls, indicating an estimate increase of 5% over this period \[[@CR1]\].

Although not directly comparable to other studies, the rate of increase of 4.0% that were found among our 6--9-year-old group of SA children, thus displayed a more rapid increase over a shorter period of time, providing evidence of an expanding epidemic in pre-pubertal children in our study. In Japan \[[@CR11]\], the largest odds ratio was also observed in the 6--8year-old children in whom the prevalence of obesity more than doubled from 4.2% (1976--1980) to 9.7% (1996--2000). The increase in our group was however influenced by SES and the interaction between SES and race, indicating that white children as a group and children from higher SES which included white and black children showed the most rapid increases. Statistics reported on this prevalence among white children in other SA studies \[[@CR2],[@CR7],[@CR33]\] are also consistent with the higher prevalence found among white children. Differences reported in another SA study between ethnic groups also indicated that the results may be confounded by differences in SES \[[@CR7]\]. However, the higher prevalence among white children compared to black children as a group, still differs from the statistics reported in developed countries such as the USA, Canada and Norway \[[@CR34]\].

The rate of increase in overweight showed a slighter upward trend, compared to obesity prevalence which increased nearly twofold during the 3-year period. A 20 year trend analysis in Slovenia also reported a higher increase in obesity compared to overweight \[[@CR12]\]. A trend analysis on 1--9 year old South African children, furthermore found that overweight decreased over time, while obesity increased \[[@CR9]\]. The prevalence of obesity and severe obesity were studied over a period of 14 years in the USA in children, ages 2 to 19 years \[[@CR15]\]. From 2011 to 2012, 17.3% of the children were obese, 5.9% met criteria for class 2 obesity (BMI ≥ 120% of the 95^th^ percentile and 2.1% met criteria for class 3 obesity (BMI ≥ 140% of the 95^th^ percentile). The researchers concluded that these rates were not significantly different from 2009 to 2010, but that more severe forms of obesity have increased over the last 14 years. Although percentages of Class 2 and 3 obesity were not determined in our study, obesity prevalence was the most severe form of OB in our study, and increased more during the 3-year-period than OW, which seems to follow the same pattern as described in the USA, a developed country.

The prevalence of obesity increased more in boys compared to girls over the 3-year period although girls still had a higher prevalence of obesity during follow-up. In addition more girls moved back to a healthier BMI compared to boys over the 3-year period. This trend of a higher increase in boys is consistent with other studies worldwide. In Canadian children, an increase is reported for OW (11 to 33% in boys, 13 to 27% in girls) and OB (2% to 10% in boys and 2 to 9% in girls) between 1981 and 1996 \[[@CR16]\]. In 6-14-year old Japanese children, age adjusted BMI increased with 0.32 kg/^m^ per 10 years in boys and 0.24 kg/^m^ per 10 years in girls over 25-years, 6--14 years as derived from a national nutrition survey \[[@CR11]\]. Time trends in the UK (1995--2010) based on the Health Survey of England (HSE) indicate an increase in prevalence of boys 2--15 from 11% to 17% while prevalence in girls increased from 12% to 15%. Trend analysis in the USA \[[@CR14]\] of two large representative federal health surveys and data systems show a four-fold increase in obesity prevalence among 6-17-year-old male (5.5% to 21.6%) and a three-fold increase among female children (5.8% to 17.7%) between 1976 and 2008. The average annual rate of increase in obesity prevalence was furthermore 4.5% for male children and 3.8% for females in this study.

Prevalence in both white (4.2%) and black children (2.0%) increased significantly over the 3-year period, although white children displayed a much bigger increase and had almost double the prevalence of obesity (27.3%) than black children (13.3%) during follow-up. The combined OW/OB prevalence increase in white children was also bigger (20.3% to 27.3%) over the 3-year period than among black children (10.3% to 13.3%), although not in Q4 and Q5 schools where the increases among black children in Q4 schools were 8.2% (26.5%--34.7%) and 10.3% (20.7%--31.0%) in Q5 schools compared to those of white children (Q4, 5.6% (13.3%--18.9% and 7.7% (Q5, 24.5%--32.2%, Table [1](#Tab1){ref-type="table"}). It further seems that South African children from higher SES have the highest prevalence and rates of increase in OW and OB. White children were all enrolled into the Q4 and Q5 schools that were part of the study, and these school quintiles represent more affluent schools, families and environments and also showed the highest combined prevalence. This differs from the findings of studies conducted in other countries such as the USA and UK, indicating the highest rates of obesity and severe obesity among children from minority groups or who are underserved by the health care system \[[@CR34],[@CR35]\]. These studies are however conducted in developed countries while SA is considered a developing country in transition with high socio-economic disparities. It can thus be deduced that higher SES is currently associated with higher increases in overall prevalence in predominantly pre-pubertal white but also among black children in economic transition (Q4-19.4%--25.9%; Q5-23.3%--31.7%) as the increase in Q1--Q3 schools (Q1-9.1%--10%; Q2-8.3%--8.5%, Q3-3.9%--7.7%), based mainly on statistics of black children, were much less over the same period. Q1--Q3 schools enrol children from areas with high levels of food insecurity, \[[@CR24],[@CR36],[@CR37]\], thus levels of underweight might be high in these schools. Black children in Q4 schools had significantly higher BMI and mass during follow-up compared to white children in these schools and their combined OW/OB prevalence increases were also higher. From this, the conclusion can be drawn that it can quite probably be the result of westernization and urbanization of more affluent black families. The high prevalence found among white children might also still be a result of the post-apartheid regime which exposed these children to circumstances equal to those in developed countries, such as sedentary lifestyles. Although many interrelated behaviour patterns can be contributing factors, decreased physical activity levels, among black girls, and higher food security which can contribute to higher availability and intake of processed foods, can be offered as reasons for these major differences between black children in low and high SES schools. Cultural beliefs regarding ideal body mass might be furthermore a possible contributing factor to the black and white differences that were found \[[@CR36]\]. Spending money at school tuck shops on unhealthy foods might also play a role in the increased prevalence found in children attending Q4 and Q5 schools \[[@CR38]\]. The prevalence of obesity that was established among 6--9-year old children by means of the first South African National Health and Nutrition Examination Survey (SANHANES-1), compared with the NFCS-2005, indicates a prevalence of 11.8% (OW 8.4% OB 3.4, mean BMI 16.2) (2013) and 10.3% (OW 7.8% OB 2.24, 2005, mean BMI 16.0) respectively \[[@CR39]\]. This survey, however, has shortcomings in the sense that it essentially refers to African and coloured children residing in SA. When compared to our prevalence of 10.3% that were established in 2010 for 6-year-old black children, and 13.3% for 9-year old black children in 2013, a similar prevalence is confirmed in this ethnic group (11.8%). A longitudinal study of 306 black children from low income families in Jamaica, also reported low prevalence's with an increase from baseline at 7--8 years (3.5%) to 9.5% at 11--12% \[[@CR31]\].

Lastly, our results established that although a considerable percentage of the group transitioned over the 3-year period to an unhealthier BMI classification, a small percentage also moved to a healthier BMI. Boys and girls showed similar transition tendencies, while white children and children in schools representing higher SES (which included black children in Q4 and Q5 schools) showed higher shifts towards more unhealthy BMI's in comparison to children in lower SES school types. Decreasing tendencies were also observed in BMI levels, although to a much smaller extent compared to the increasing tendencies that were found, resulting in a significant increase in combined OW/OB between 6 and 9 years. Although our changes in BMI were over a shorter follow-up period of 3 years, it agrees with a longitudinal study on tracking of BMI in Chinese children which was done on children who were aged between 6 and 13 years at baseline, reporting that over a 6-year period (1991--1997), that BMI remained unchanged in 40% of the group, while 30% moved to a lower or higher quintile and that overweight children were 2.8 times as likely as other children to become overweight adolescents \[[@CR40]\]. This study, however, includes a high percentage of underweight children, and the researchers found that a smaller proportion of Chinese children in a rapidly changing society, continue to be overweight than what is reported in higher income countries.

Our study had limitations that need to be taken into consideration. This was not a nationally representative study but based on regional data of only 1 of the 9 provinces in South Africa. Research incorporating prevalence's of all the provinces in SA are thus recommended. The strong points of the study are, however the stratified and longitudinal design, and the fact that the findings are based on real measurements and not self-reported height and weight data. This is also an on-going study with follow-up measurements due in 2016, which will provide an even more accurate picture of this growing problem among children over a period of 6 years as they move from early childhood into adolescence.

Conclusion {#Sec11}
==========

These results confirm that pre-pubertal children living in SA, a developing country, are not excluded from the rising epidemic of childhood obesity with clear tracking tendencies. These young children are especially vulnerable to the side-effects associated with obesity such as adverse health risks, and developmental shortcomings because of their young age and consequently earlier exposure to unhealthy lifestyles and chronic conditions \[[@CR20],[@CR36]\]. White learners attending schools in higher socio-economic areas (Quintile 4 and 5), showed double the increase in prevalence than black children in lower SES, although OW and especially OB were also prevalent among black learners who mostly attended schools representing lower socio-economic circumstances. Black children who attended school types associated with higher SES, showed high OW/OB prevalence and clear signs of economic transition, which impacted negatively on their body composition. This trend among black families with increasing economic opportunities is a definite concern that might need a shift in how public health nutrition and medical resources are allocated in the future. The results of this study can thus help health professionals, policy makers and experts in the field of child development to plan future preventative strategies for these children who are undergoing vast changes in diet and physical activity behaviour which include clinical management or public health intervention programmes for altering body composition levels. Awareness and educational campaigns that raise concern among parents regarding the future health problems that children might encounter due to unhealthy weight status at a young age, are also important. Culturally appropriate campaigns and strategies for interventions that would be effective for each group are also recommended. Future research, including national epidemiological and tracking studies, and intervention studies in this area is recommended to obtain a better understanding of this rising global health challenge among transitional populations. Clearly, children in developing countries, are confronted with additional challenges to their well-being, and are clearly not excluded from the dangers of lifestyle changes.

NWP

:   North West Province

SA

:   South Africa

HSE

:   Health Survey of England

NW-CHILD

:   Child-Health-Integrated-Learning and Development

NWU

:   North-West University

BMI

:   Body mass index

SES

:   Socio Economic Status

NSCH

:   National surveys of 10--17 year-old children's health

NHANES

:   1976--2008 National health and nutrition examination survey

OW

:   Overweight

OB

:   Obese

SANHANES-1

:   South African National Health and Nutrition Examination Survey

**Competing interests**

The author declares that she has no competing interests.

**Authors' contributions**

AP is the only author of the publication and the principle investigator of the study who designed the study, did all the data analyses and prepared the paper in full.

This work is based upon research supported by grants received from the Medical Research Council of South Africa (MRC) and the Sugar Association of South Africa (SASA). There contributions are greatly appreciated. The author would also like to express sincere gratitude to the students, research teams and the schools and learners who participated in the study.

Disclaimer: any opinion, findings and conclusions or recommendations expressed in this material are the opinion of the author and therefore the MRC and SASA do not accept any liability in this regard.
